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ABSTRACT 

 
Chinese provinces with more developed economies or larger energy consumption 

have a more striking air pollution problem. Noticing this region disparity, the Chinese 

government in 2012 implemented the 12th Five-Year-Plan(FYP) for Air Pollution Control 

in Key Regions, aiming at mitigating air pollutant emissions with diverse goals for 

specific regions. there has been considerable debate over whether this inter-provincial 

cooperation mechanism has been effective. This paper examines whether and to what 

extent policy priorities should shift across regions to more accurately target local SO2, 

NOx and Industrial Dust emissions. Using province-level data from China National 

Bureau of Statistics and coding policies based on the Key Projects for the 12th FYP, I find 

that Vehicle Emission Control Policy is more effective at reducing SO2 emissions, 

especially in economically developed regions, while Industrial and Energy Structure 

Adjustment Policies need to receive higher priority to mitigate NOx emissions in regions 

that are more energy-intensive.  
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INTRODUCTION 

It’s the fourth decades since the "reform and opening up" policy was implemented, China 

has witnessed a boost in its economy and rapid development in urbanization and 

industrialization. The country’s  GDP per capita increased from 379 RMB in 1978 (Ministry of 

Foreign Affairs of the People’s Republic of China & United Nations System in China, 2008) to 

53980 RMB in 2016 (National Bureau of Statistcis of People’s Republic of China, 2017). The 

2016 China’s urbanization rate was 57.35% (National Bureau of Statistcis of People’s Republic 

of China, 2017), three times larger than forty years ago. However, this energy-intensive 

economic development has caused severe air pollution problem because it is heavily on coal 

consumption. On average, during the past forty years, the coal consumption accounted for 70% 

of China 's energy consumption(Y. Chen et al., 2013; Shi & Zhang, 2012). Coal consumption has 

been the main contributor to China’s SO2, and NOx emissions, which reached 22.6 million tons 

and 22.7 million tons respectively in 2010, ranking first in the world (Ministry of Environmental 

Protection of People’s Republic of China, 2012b). In addition, the air quality of 82% of China’s 

cities in key regions does not meet the national standard. The severe air pollution problem needs 

to be mitigated or it will impose massive cost not only on public health but also on the national 

economy. According to a World Bank report (World Bank, 2016),air pollution has become the 

world’s fourth factor causing premature deaths. Moreover, it damages crops and forests, disrupt 

the ecosystem, and impose heavy cost on economic development.  

Realizing the possible damage to its citizens and society, the Chinese government has 

taken actions to mitigate the air pollution problem. In 1987, it promulgated Air Pollution 

Prevention and Control Law targeting at heavy industry regulation and establishing standards for 
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coal burning. In 2000, this law was revised including new goals for controlling vehicle emissions 

and dust emissions at a national level (Hao, 2013). Three international events in the following 

ten years triggered joint-regional air pollutant control action: the 2008 Beijing Olympic, 

Shanghai Expo and Guangzhou Asian Games. With cooperation across provinces and 

implementation of regional air pollution prevention policies, air quality in those areas improved 

(Hao, 2013) . Witnessing the success of the 2008 effects, in 2010, the Ministry of Environment 

Protection of China (MEP) decided to begin planning joint-regional air pollution control policies 

in 13 regions across China (Ministry of Environmental Protection of People’s Republic of China, 

2011). In 2012, the official 12th Five-Year-Plan for Air Pollution Control in Key Regions 

(referred as “the Plan” hereafter) was published, together with the Key Projects of the 12th Five-

Year-Plan for Air Pollution Control in Key Regions (“the Key Projects” hereafter), where 21 air 

pollution control projects were listed for each region with annual goals from 2012 to 2015. 

The general goal for the Plan was to reducing SO2, NOx and Dust emissions in the key 

regions by 12%, 13% and 10% respectively by 2015. Considering the regional disparity in 

economic status, industrial structure, energy distribution and the geographic characteristics, MEP 

set different individual targets for different regions. In addition, based on the pollution type of 

each region, the Plan re-grouped the 13 regions into three areas, namely the heavily polluted 

area, the moderately polluted area and the traditionally polluted area. Four categories of polices 

were implemented addressing issues in industrial emission, transportation emission, industrial 

structure adjustment and energy structure adjustment. In early 2013, each region set up their own 

Goals for Air Pollution Control (“the Goals” hereafter) in accordance with the national 

regulation.  
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Given the current concern about air pollution in China and attracted by the idea of 

regional cooperation mechanism, in this paper, I undertake a quantitative analysis of the 

correlation between policies specified in the Plan and their goal. However, I recognize that air 

pollutant emission reduction will vary across regions. Since it is the first time an official plan on 

joint-regional air pollution control has been conducted, scholars and organizations are interested 

in its implementation mechanism (Chang, 2010) and how the polices will affect air quality. On 

the basis of policy analyses or scientific models to predict the air pollution reduction under 

various scenarios, conclusions were drawn that this joint-regional air pollution policy is on the 

right path in tackling the diverse regional air pollution produce in China (Xue et al., 2013). 

However, little research has been conducted using quantitative analysis and providing post-

policy evaluation of the Plan.  

This paper contributes to the literature by providing a statistical model. My results 

correspond to previous reports that coal consumption is significantly correlated with air pollutant 

emissions on a national basis for all three types of air pollutants, and that it is critical to follow 

the current principle of adjusting industrial structure and energy structure when addressing future 

air pollution problems. I also suggest that,1) for regions that are more economically developed, 

Vehicle control policy should be assigned with higher priority; 2) for regions in the moderately 

polluted area, Industrial emission control policy should also be included; and 3) for regions 

suffering from traditional air pollution, Industrial structure adjustment policy is preferred.  

In the next section, I provide further information on the Plan and the 13 regions across 

China where pilot projects are currently testing a range of anti-pollutant strategies, regarding to 

their polluting characteristics, socioeconomic development disparity and their energy 

consumption differences. Then I review the relevant literature on how policy factors, 
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socioeconomic factors and energy factors relate to air pollution. Based on that review, I build my 

conceptual framework and introduce the data and method adopted in this paper. Lastly, I provide 

my empirical results and discuss the policy application of this research.  
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BACKGROUND 

The 12th Five Year Plan for Air Pollution Control Policy is the first comprehensive 

regulation of air pollution control in China. It is a milestone that indicates a shift of focus to 

environment quality improvement from simply mitigating air pollution (Feng, 2012). Adopting a 

“command and control” approaches on the environmental enforcement mechanism (Kostka, 

2016), the central government set a national goal of air pollutant reduction and then assigned 

specific targets to be met and programs to be finished  by different regions by a certain year.  

 In the Plan, 13 key regions created from 19 provinces were selected based on compound 

criteria of socioeconomic status, air pollution characteristics, and the geographic local of each 

region. Aside from selecting targeting regions, the Plan also divided these 13 regions into three 

areas specifically based on their pollution characteristics. Figure 1 indicates this division and 

their locations in China.   

Figure 1. Key Regions in China by Pollution Type. Heavily polluted area includes Jing-Jin-Ji, Yangzi River 
Delta, Pearl River Delta and Shandong Province. Moderately polluted area includes Liaoning, Chengdu-Sichuan 
(Cheng-Yu) Area, Hubei, Hunan and Fujian. Traditionally polluted area includes Gansu-Ningxia (Gan-Ning) Area, 
Shanxi, Shaanxi and Xinjiang. Source: The 12th Five-Year-Plan for Air Pollution Control in Key Regions. 
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For a better understanding of regional disparities in the 13 regions when the Plan was 

implemented, following figures intuitively introduce how these regions varies from each other in 

air pollutant emissions, gross regional production, coal consumption and vehicle possession.  

Figure 2 presents the average annual emissions of SO2, NOx and Dust from 2010 to 2012 

in different regions by polluted areas. Bars with darker blue indicates higher GRP. In general, 

heavily polluted areas were more developed in economics and produced more SO2, NOx and 

Dust than the other two. Traditionally polluted area had slightly larger NOx and Dust emissions 

than moderately polluted area did, though this two areas shared similar economic development 

characteristics. 

 

Figure 2. Regional Disparity in Air Pollutant Emissions in Key Regions (2010-2012). Source: National Bureau 
of Statistics of People’s Republic of China. 
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Figure 3 demonstrates how much energy each region consumed annually in 2010 to 2012 

with their GRP difference. Generally, regions with higher GRP had higher energy consumption. 

However, Shanxi Province had a notable high coal consumption across region though it had a 

relatively low GRP. It is the same for Liaoning Province with crude oil consumption, and Cheng-

Yu area with natural gas consumption. 

 

Figure 3. Regional Disparity in Energy Consumption in Key Regions (2010-2012). Source: National Bureau of 
Statistics of People’s Republic of China1. 
  

																																																								
1	There	was	missing	data	for	crude	oil	consumption	in	Shanxi	Province	for	2010	to	2012	in	the	
original	database.		



	 8	

 

Figure 4 illustrates how vehicle possession different from regions. Similar with the trend 

in air pollution and energy consumption, regions with higher GRP tended to have more vehicles. 

 

Figure 4. Regional Disparity in Motor Vehicle Possessions in Key Regions (2010-2012). Source: National 
Bureau of Statistics of People’s Republic of China. 
 

Figures above clearly presented regional disparities in economics, coal consumption, 

vehicles and air pollution. Heavily polluted area (eastern part of China) had higher emissions for 

all three kinds of pollutant, larger energy consumption and larger car possession, when the other 

two areas, lying in the middle and northern part of China, were less developed in socioeconomics 

and had smaller air pollutant emissions, energy consumption with some exceptions. These 

figures provide supportive information for the following research on regional air pollution 

preventions and regional characteristics.  
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LITERATURE REVIEW 

Air pollutants and related policies 

Sulfur dioxide (SO2), Nitrogen Oxide (NOx) and Industrial Dust are currently the three 

main air pollutants to be controlled in our country. In recent years, an increasing number of 

researchers have analyzed how each type of air pollutant is produced, and the consequence of 

those emissions, and most importantly what polices can mitigate those emissions.  

SO2 and its product, acid rain, endanger human health, corrode construction and pollute 

the air (Lu & Streets, 2005). In China, about 80% of the SO2 is generated by industrial activities 

like coal burning, iron and steel production and non-metal material production (Xu & Masui, 

2009). Corresponding to these causes, the distribution of SO2 has a spatial characteristic. Regions 

in middle and northwestern China having more energy-intensive industries contributes to most 

national SO2 emission, while cities in the coastal area and those are less industrialized regions 

make smaller contributions (Lu & Streets, 2005; C. Zhang, Wang, Xing, Zhao, & Hao, 2008). 

For instance, in 2000 to 2006, when SO2 emission was increasing in China, over 80% of the 

increases were contributed by cities in the north (Lu & Streets, 2005). Researchers have 

suggested that emission reduction policies be the priority in reducing SO2 emission, and polices 

need to take regional disparities into consideration since it requires technology and fiscal 

resources to promote the clean energy technology to reduce emissions(Kanada et al., 2013).  

NOx is not only an air pollutant itself, but also is involved in reaction with other 

pollutants, causing ozone holes or acid rain (U.S.Environmental Protection Agency (EPA), 

1999). But the sources of NOx emission diverse. A vital source of NOx emission is energy 

consumption and transportation such as electric power plants, automobiles and other sources 

(Luan, Wang, Hao, & Cheng, 2009). In 2005, NOx emission in China had increased by 10% 
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compared to the previous year. Electric power generating, industrial production and vehicles 

were top three sources, accounting for 43%, 29% and 20% respectively(C. Zhang et al., 2008). 

To meet with NOx reduction targets, Zhang et al.(2008) highly recommended a step-by-step 

industrial structure adjustment progress. Moreover, it has been suggested that innovative 

techniques contributing to cleaner energy utilization should be adopted(Ding, Liu, Chen, Huang, 

& Diao, 2017).  

Energy consumption and emissions 

A remarkably large number of studies have devoted to the study of relations in China 

between energy consumption and air pollutant emission. It is widely accepted that coal 

consumption is the main contributor to domestic SO2 and NOx emissions(China Concil for 

International Cooperation on Environment and Development, 2012; Yang et al., 2012). Besides, 

energy consumption varies from rural to urban areas(Crompton & Wu, 2005). The uneven 

distribution of coal consumption causes a disparity in regional air pollution. Specifically, key 

regions in China account for more than 50% of the amount of coal consumption and these 

regions also produce more than half of the national NOx emission. But these regions take up only 

small part of the national land(Ministry of Environmental Protection of People’s Republic of 

China (MEP), 2012). In addition, an essential part of coal consumption is for the purpose of 

industrial boilers(Yang et al., 2012). Low in coal utilization efficiency and limited cleaning 

technology development also contribute to the high emission rates. The trend of large 

consumption of coal is not likely to be changed in the short run unless energy structure and 

industrial structure are adjusted (Liu, Zhou, & Wu, 2015). 
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Vehicles and emissions 

Motor vehicles have been a major cause of China's air pollution problem. Particularly, in 

Beijing, Shanghai and other large cities in China, motor vehicles contributed up to25% of 

particulate matter emissions(China Concil for International Cooperation on Environment and 

Development, 2012). It has also been proved that on-road vehicle emission is the dominant 

source of VOCs and NOx (S. Wang et al., 2010). Realizing this increasingly significant factor, 

many researches include a vehicle factor to control for its contribution to air pollutant emission 

(S. Wang & Hao, 2012; Zheng, Yi, & Li, 2015). To effectively mitigate motor vehicle pollution, 

researchers have recommended policies focusing on vehicle utilization control, gasoline and 

diesel quality improvement, and public transportation system development(Jin, Andersson, & 

Zhang, 2013; Wu et al., 2017).  

Regional disparities in emissions 

On the one hand, socioeconomic disparities across China are widely acknowledged (A. 

Chen & Groenewold, 2010; Fan, Kanbur, & Zhang, 2011). From east to west, a decrease in the  

economic development rate, but an increase in energy consumption and production have been 

observed (Cai et al., 2016).  

On the other hand, the distribution of air pollutant emission also demonstrates regional 

differences (Gao et al., 2011). As mentioned, researchers have shared that compared with east 

coastal cities in China, cities and regions that have more heavy industries or rely more on 

traditional energy consumption produce three fourths of the national SO2 emissions(Lu & 

Streets, 2005; C. Zhang et al., 2008). Other researchers have found similar results that in general, 

the western and northern part of China are the main contributors of SO2 emission (Q. Q. Zhang 

et al., 2015). 
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 Unequal  distribution of resources constraint regional capability in reducing local air 

pollution for energy production cities (Meng, Chai, & Zhang, 2011). As a result, observers have 

suggested that air pollution policies be customized in different regions. They argue that more 

effort and resources need to be allocated to northern and western cities in China to address local 

air pollution problems (Sueyoshi & Yuan, 2015), and that proper cost-benefit analysis is 

necessary to measure the regional capability of taking emission reduction actions (Kanada et al., 

2013). They also suggest that cooperating with neighboring provinces can maximize health 

benefit and reduce the cost of air pollution prevention and control (Xie et al., 2016). 

Current regional air pollution control in China 

Studies of joint-regional air pollution control in China have produced contrasting results 

on the effectiveness of the cooperative mechanism. Xie et al.(2016) argued that the current 

cooperation system in China is not working effectively due to the lack of incentives for inter-

provincial cooperation. One of the criticism is that there is a lack of a complete administration 

system that can effectively promote comprehensive air pollution control(CCICED, 2012).  

However, success in joint-regional air pollution has been witnessed during the recent 

decade. An excellent example of inter-provincial cooperation, the Beijing 2008 Olympic Games, 

achieved a short-term success (CCICED, 2012; Streets et al., 2007), for instance a reduction in 

SO2 emission by 85% via industrial facility closed out, and a reduction in NOx emission by 46% 

by controlling on-road motor vehicles (Huang, Zhang, & Lin, 2015; S. Wang et al., 2010).  In 

2014, during the time of APEC, the air quality in Beijing was unexpectedly to be better than the 

same period in previous years (H. Wang, Zhao, Xie, & Hu, 2016).  

Aside from the Jing-Jin-Ji area, other city clusters are also putting focus on the joint-

regional air pollution control. Via a scientific sample test of the air pollutants during 2010 Asia 
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Games in Guangzhou, Hu et al. provided statistical evidence that the joint-regional air pollution 

control policy was effective during the period of study (Hu, Hu, Tang, Guo, & Yan, 2013). Apart 

from specific research on certain regions, comprehensive studies that support regional air 

pollution control policies were conducted. Through a sensitivity modeling analysis in Jing-Jin-Ji 

area and the Yangzi River Delta, Wang et al. ( 2016)proved that joint-regional pollution control 

policies could reduce local air pollutant emissions effectively. Zheng et al.(2015) also explored 

the effectiveness of provincial energy saving and emission control polices with a regression 

analysis using province-year panel data. The present study incorporates Zheng’s research 

framework and evaluates the Plan as the specific regulation policy, taking regional disparity 

factors into consideration.  

To summarize, prior literature on air pollutant emission and regional air pollution control 

policies provides evidence of correlation between socioeconomic characteristics, energy factors, 

and air pollutant emission. Moreover, this literature points out the regional disparity in 

socioeconomic status, energy consumption patterns, and the consequent air pollution production. 

However, there is disagreement on the effectiveness of air pollution control policies that targete 

diverse regions and there is a lack of empirical research on specific regional air pollution control 

policies. This paper aims to fill the gap.  
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CONCEPTUAL FRAMEWORK 

Based on the findings of previous studies, I hypothesize that air pollution control polices 

will have negative correlations at various levels with SO2, NOx and Dust emissions across 

China’s 13 key regions. As noticed above, motor vehicles, industrial structure, and energy 

consumption are also associated with air pollutant emissions. Therefore, I am expecting to 

observe positive and strong correlations between these factors and emissions. In addition, I also 

control in my model for other socioeconomic characteristics, namely gross regional production 

and population. If joint-regional air pollution control policies have contributed to a decrease in 

air pollutant emissions, I predict that policies that have distinctive relations with air pollution 

emissions are different in regions with different socioeconomic and energy consumption 

characteristics. Specifically, industrial emission control policy, industrial adjustment policy, and 

energy structure adjustment policy will have a larger correlation with emission reduction in 

regions that are energy-intensive; and transportation emission control policies will have larger 

correlations with emission reduction in regions with more developed economies. My conceptual 

model accounts for Joint-regional Air Pollution Control Policy, socioeconomic conditions, 

industrial structure characteristics, and energy consumption characteristics. The factors are 

diagramed in Figure 5.  
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Figure 5. Determinants of Air Pollutant Emissions 
 

Air Pollutant Emissions 

Emission of three types of air pollutants will be examined—Surfer Dioxide (SO2), Nitric 

Oxides, and Industrial Dust, corresponding to the ultimate goal the Plan of eliminating air 

pollutant emission.  

Policy Factors as Key Explanatory Variables 

According to the Plan, four categories of policies are summarized. Under each category, 

one or more specific policies are implemented. The policies are listed in Table 1 and discussed in 

Regional Air
Pollutant
Emission

Air Pollution Control
Policy in Key Regions
•Industrial Emission
Control
•Transportation Emission
Control
•Industrial Structure
Adjustment
•Energy Structure
Adjustment

Social-economic
Status
•Gross Regional
Produt (GRP)
•Population
•Civic-use Vehicles
•Second	Industry	
Contribution	in	
GRP

Energy
Consumption

• Crude Oil
Consumption

• Coal Consumption
• Natural Gas
Consumption
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the subsequent paragraphs. All 13 regions adopted some or all of the policies but had various 

levels of implementation.  

Table 1. Key Policy Factors 
Category Specific Policy 
1 Industrial Emission Control a VOCs Control 

b Desulfurization & Denitration  
c Coal-fired boiler Control 
d Industrial Dust Emission Control  

2 Transportation Emission Control e Heavy-polluting Vehicle Control 
3 Industrial Structure Adjustment f Low-production Industry Elimination 
4 Energy Structure Adjustment g Coal Utilization Control  

h Efficient Coal Utilization 
 

• VOCs Control Policy. As both an outdoor and indoor air pollutant, Volatile Organic 

Compounds (VOCs) contain organic chemicals that are emitted from liquids like paints or 

gasoline and diesel fuel(U.S.Environmental Protection Agency (EPA), n.d.). VOCs can 

generate photochemical smog under certain conditions, threatening people’s health. The 

VOCs control policy in the Plan focuses on outdoor air pollution, requiring that oil storage 

facilities, gas stations, and oil tank trucks must have oil/gas decontamination plants. The Key 

Projects specified that by 2015, over 1300 enterprises in the 13 regions must adopt 

techniques to reduce industrial VOCs emissions. More than 38,500 oil storage facilities, gas 

stations and oil tank trucks were required to install decontamination plants (Ministry of 

Environmental Protection of People’s Republic of China (MEP), 2012).  

• Desulfurization & De-nitration Policy. Desulfurization and de-nitration technique aim at 

reducing NOx and SO2 emissions from fossil-fuel burning (U.S. Environmental Protection 

Agency (EPA), 1995). Over 1500 enterprises in thermal power, iron and steel, oil, cement 

and other heavy metal industries were required to apply this technique during the entire 

production process. The Plan emphasized that concentrations of contaminants in waste gas of 
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relating enterprises must lower than the highest permitting level in Air Pollutant Emission 

Standards for Thermal Industry2. 

• Coal-fired boiler Control Policy. Coal-fired boilers are the main power transformation 

equipment in China. Large possession of low-efficiency boilers have become one of the main 

causes of air pollution in recent years (Ministry of Industry and Information Techonology of 

People’s Republic of China, 2014). The Plan stipulated that by 2015, 6,833 low-efficiency 

boilers would be eliminated or equipped with decontamination equipment according to the 

goals set in the Key Projects (MEP, 2012a).   

• Industrial Dust Emission Control Policy. Industrial dust is particulate matter with toxic 

contaminants produced by a variety of industrial productions. A set of industrial dust 

extraction techniques can efficiently eliminate 90% of the air pollutants like particulate 

matter (PM 2.5), SO2, and other toxic chemicals in industrial smog (Department of Science 

Technology and Standards of MEP, 2014). According to the Key Projects (2012a), the 

thermal, cement and steel industries were key targets of industrial dust emission control.   

• Heavy-polluting Vehicle Control Policy. Heavy-polluting vehicles includes gasoline motor 

vehicles registered before 2003 or diesel vehicles registered before 20083. In the Plan 

(2012b), strict regulations prohibiting operations of heavy-polluting vehicles were designed 

and implemented in each region, aiming at a total reduction of 10 million vehicles by 2015. 

																																																								
2	The	Ministry	of	Environmental	Protection	together	with	the	General	Administration	of	Quality	
Supervision,	Inspection	and	Quarantine	issued	the	latest	Air	Pollutant	Emission	Standards	for	
Thermal	Industry	in	2011.	The	new	standards	were	implemented	on	January	1st,	2012.		
3The	detailed	definition	can	be	seen	in	the	Limits	and	Measurement	Methods	of	Exhaust	
Pollutants	from	Compression	Ignition	and	Gas	Fueled	Positive	Ignition	Engines	of	Vehicles	which	
was	implemented	in	2007.	
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• Low-production Industry Elimination Policy. Strictly following the Guidance for 

Industrial Structure Adjustment, the Plan (2012b) required regions to close down local 

enterprises that are highly air polluting and set up a punishment system for those regions that 

fail to meet the annual goal.  

• Coal Utilization Control Policy. Based on regional disparity in economic development, 

energy consumption structures, and geographic characteristics, the Plan (2012b) assigned 

diverse amounts of coal consumption reduction to different regions. Specifically, in the Jing-

Jin-Ji area, Yangzi River Delta, Pearl River Delta and Shandong province, trials were set up 

to explore effective coal-consumption control systems.  

• Clean Energy Utilization Policy. In addition to the amount controls, the Clean Energy 

Utilization Policy is one of the key methods to transform energy structure via encouraging 

clean energy consumptions, for instance wind, solar, and nuclear power. Wind power 

generation was highlighted in regions in the north and in the coastal area. For regions that 

rely more heavily on coal consumption, the government financed exploration of cleaner 

energy like water and shale gas.  

Socioeconomic Factors 

My model also takes account of the following socioeconomic factors:  

• GRP. Annual Gross Domestic Production is adopted to indicate regional economic growth.  

• Population. Control variable for the framework that using data of permanent residents 

calculated at the end of year. 

• Civic-use Vehicles. As stated in literature review, there's a correlation between motor vehicle 

possession and air pollutant emission(CCICED, 2012; S. Wang & Hao, 2012; D. Zhang, 



	 19	

Rausch, Karplus, Zhang, & Mit, 2012). Therefore, it is important to take this factor into 

consideration when evaluating air pollutant emissions.  

• Second Industry Contribution of GRP. This index as an indicator of regional industrial 

structure. measures the percentage of marginal output contributed by the second industry in 

GRP. It has been reported annually at provincial level in the China Statistics Yearbook.  

Energy Consumption Factors 

Energy consumption is the major contributor to air pollutant emissions in China 

(CCICED, 2012). In addition, the disparities in the consumption structure across region 

influenced local emission(Gao et al., 2011; Kanada et al., 2013). In 2010, the 13 key regions 

consumed over 50% of China’s coal and produced about half of the country’s domestic air 

pollutant emissions of SO2, NOx and Dust. Therefore, including energy consumption can control 

for possible omitted factors that might influence the accuracy of this study.  
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DATA AND METHODS 

The study utilizes regional-level data over a six-year-period for all 13 regions4 created 

from 19 provinces in China. The data for my dependent variables are obtained from the Annual-

by-Province Database of China’s National Bureau of Statistics (NBS)5.  

The key explanatory variables are eight policies summarized from policy documents 

published both at national and provincial level. Specifically, my key policy variables are eight 

policies under four major categories in the Plan. They are assigned with scores based on 1) the 

number of key programs assigned to each region that target at air pollutant emission reduction; 

and 2) the order of each policy mentioned in provincial level policy documents in each region. 

Province-specific key programs are listed in the Key Projects. The list of policies is obtained 

from the provincial Goals.  

As mentioned above, my empirical analysis will also control for socioeconomic 

characteristics (gross regional production, population, possession of civil vehicles, and second 

industry contribution) and energy consumption characteristics (consumption of crude oil, coal 

and natural gas). All data except second industry contribution are adopted from the NBS 

Database. The second industry contribution variable uses data from China Statistics Yearbook 

2011 to 2016. In addition, since the division of regions corresponds to the provincial divisions in 

China6, regions including only one province use the corresponding provincial data. For regions 

																																																								
4	As	mentioned	above,	the	13	regions	are	created	from	19	provinces	by	the	national	
government	in	the	Plan.		
5	National	Bureau	of	Statistics	of	China.	National	Data	Database.	
http://data.stats.gov.cn/english/index.htm.	NBS	is	responsible	for	collecting,	summarizing	and	
publishing	information	on	economic,	social,	technological,	environmental	characteristics	at	
national,	provincial	and	city	levels.	It	sets	the	national	criteria	on	data	definition,	collection,	and	
calculation.	Though	it	is	NBS’s	responsibility	to	provide	accurate	and	timing	data,	there	is	a	
possibility	of	data	fabrication,	which	could	be	a	source	of	measurement	error	in	my	data.		
6	The	region	division	is	adopted	from	the	Plan.	



	 21	

which include two or more provinces, namely the Jing-Jin-Ji area, Yangzi River Delta, Pearl 

River Delta, Cheng-Yu area and Gan-Ning area, summation of related provincial data is adopted.  

In the Plan, all 13 regions were re-categorized into three types of areas based on their 

regional air pollution characteristics: 1) heavily polluted area, 2) moderately polluted area, and 3) 

traditionally polluted area. The heavily polluted area includes regions which are severely 

polluted by compound air pollutants. This includes the Jing-Jin-Ji area, the Yangzi River Delta, 

the Pearl River Delta, and Shandong. Regions that are moderately polluted by compound 

pollutants are Liaoning, Hunan, Hubei, Chengyu and Fujian. The remaining regions (Shanxi, 

Shaanxi, Gan-Ning and Xinjiang) suffer from soot, the smoke produced from coal burning, and 

therefore are included in the traditionally polluted area. Three dummy variables are generated 

according to this division.  

To analyze the relationship between air pollution control policies and different air 

pollutant emissions across regions, I use a combination of policy variables and natural 

logarithmic control variables in OLS regression model at first and then add interactions between 

policy variables and area dummies. Mt general regression framework is specified as:  

lnPollutantit = β0 + β1p_vocit + β2p_sonoit+ β3p_coalfireit +β4p_dustit 

+ β5p_caruseit+ β6p_companyit + β7p_coaluse + β8p_decoaluseit 

+ β9p_cleanenergyit 

+ γnControlnit 

+ "kPolicykit* Areadummym + εit 

where i is the region index and t is the year index, αi represents the time-invariant 

factors,	τi indicates region dummies,	εit is the error term for the OLS model, and µit is the error 

term. γnControlnit represents a set of logged control variables, namely lngrp, lnpopulation, lncar, 
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lnsecindustry, lnoil, lncoal and lngas. Policiykit represents the policy variables and Areadummym 

represents the dummy for each area. lnpollutantk indicates the natural logarithm of annual 

emission of each air pollutant (SO2, NOx, and Dust). Each type of dependent variable is regressed 

in the same model at each step. I use logged value for the purpose of evaluating the percentage 

change in emission of each air pollutant, which corresponds to the comprehensive goal set by the 

Plan7, and to account for the possible non-linear relationships between emissions and 

independent variables. My dataset contains 78 observations (13 regions * 6 years).  Table 2 lists 

definitions and units for all variables included in the model. 

Table 2. Definitions of Variables 
Variables Unit Definition 
Dependent Variable 
lnpollutantk k=1, 

SO2 
10,000 

ton 
A continuous variable referring to the natural logarithm of the 
average annual industrial and non-industrial SO2 emissions 
during the reporting period. These data are taken from the 
NBS Database.  

k=2, 
NOx 

10,000 
ton 

A continuous variable referring to the natural logarithm of the 
average annual NOx emission during the reporting period. 
These data are taken from the NBS Database. 

k=3, 
Dust 

10,000 
ton 

A continuous variable referring to the natural logarithm of the 
average annual smoke and industrial dust emission during the 
reporting period. These data are taken from the NBS Database. 

	
	
	
	
	
	
	
	
	
	
	
	

																																																								
7	Reduction	of	12%,	13%	and	15%	in	SO2,	NOx	and	Dust	emissions	respectively	needs	to	be	
achieved	by	2015	for	all	key	regions.		
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Table 2. (cont.)	
Variables Unit Definition 
Key Explanatory Variablei 
Industrial Emission Control Policies 
p_voc score 

point 
A continuous variable measuring the magnitude of 
implementation of the VOCs Emission Control Policy.   

p_sono score 
point 

A continuous variable measuring the magnitude of 
implementation of the Desulfurization & Denitration Policy.   

p_coalfire score 
point 

A continuous variable measuring the magnitude of 
implementation of the Coal-fire Boiler Reduction Policy.   

p_dust score 
point 

A continuous variable measuring the magnitude of 
implementation of the Dust Emission Control Policy.   

Transportation Emission Control Policies  
p_caruse score 

point 
A continuous variable measuring the magnitude of 
implementation of the Heavy-polluting Vehicles Elimination 
Policy.   

Industrial Structure Adjustment Policy 
p_industry score 

point 
A continuous variable measuring the magnitude of 
implementation of the Low-production Industry Elimination 
Policy.   

Energy Structure Adjustment Policy 
p_decoaluse score 

point 
A continuous variable measuring the magnitude of 
implementation of the Coal Utilization Control Policy.   

p_cleanenergy score 
point 

A continuous variable measuring the magnitude of 
implementation of the Efficient Coal Utilization Policy.   

Socioeconomic Factorsii	 
ln_grp  A continuous variable referring to the natural logarithm of the 

final products at market prices produced by all resident units 
of a certain region in a given year. These data are taken from 
the NBS Database. 

ln_population 
 (year-end) 

 A continuous variable referring to the natural logarithm of the 
population in a certain region collected at 12 pm. 31st 
December in a given year. These data are taken from the NBS 
Database. 

ln_car  A continuous variable referring to the natural logarithm of the 
total number of civic-use vehiclesiii	that are registered and 
received vehicles license tags according to the Work Standard 
for Motor Vehicles Registration formulated by the Transport 
Management Office in a certain region at the end of a given 
year. These data are taken from NBS Database. 

Industry % A continuous variable referring to the percentage of GRP 
contributed by the second industry in a certain region in a 
given year. These data are taken from China Statistical 
Yearbook 2011-2016. 
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Table 2. continue 
Energy Consumption Factors 
ln_oil  A continuous variable referring to the natural logarithm of the 

annual crude oil consumption of a certain region. These data 
are taken from the NBS Database. 

ln_coal  A continuous variable referring to the natural logarithm of the 
annual coal consumption of a certain region. These data are 
taken from the NBS Database. 

ln_gas  A continuous variable referring to the natural logarithm of the 
annual natural gas consumption of a certain region. These data 
are taken from the NBS Database. 

Regional Dummy 
heavy  A dichotomous variable indicating whether or not a region is 

in area that is heavily polluted by diverse pollutants. 
moderate  A dichotomous variable indicating whether or not a region is 

in area that is moderately polluted by diverse pollutants. 
traditional  A dichotomous variable indicating whether or not a region is 

in area that is polluted by pollutants generated by fossil fuels 
consumption.  

i. The policy variables are assigned with scores starting from 2013 even though the Plan was published in 
the end of 2012. There should have been a one year lag for new regulations to be implemented. However, 
there was a clearly-stated goal to be met at the end of 2013. Therefore, the policy variables in 2013 are 
reasonably coded. Refer to Appendix for detailed scaling process for each policy variable. 

ii. For regions that include more than one province, the regional GRP, population, car and all three 
energy consumption variables are calculated as the sum of each province. The industry is calculated by 
the equation below:  
Second Industry Contribution = Sum of Regional Second Industry Contribution / Sum of GRP 
which is consistent with the measurement in the China Statistical Yearbook 

iii. According to the definition from the National Bureau of Statistics,  vehicles within the following 
categories are regarded as civil vehicles: 1) according to function, civil vehicles are divided as 
passenger vehicles, trucks and others; 2)according to ownership, civil vehicles are divided as private 
vehicles and vehicles for official use; 3) according to type of usage, civic-use vehicles are divided as 
working vehicles and non-working vehicles; and 4) according to size of carrying capacity, civil 
vehicles are divided as large passenger vehicles, medium-sized passenger vehicles, small passenger 
vehicles and mini passenger vehicles, heavy trucks, light-heavy trucks, light trucks and mini-trucks. 
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DESCRIPTIVE STATISTICS 

Table 3 provides the descriptive statistics for the dependent and key explanatory policies 

and for my socioeconomic and energy consumption characteristics8. Over the period of study, 

the annual average amount of SO2 emission in a region was 1,119,500 tons, the annual average 

amount of NOx emission was 1,033,800 tons, and that of Dust emission was 717,000 tons. Gross 

Regional Production ranges from a minimum of 543,747 million RMB to a maximum of 

13,812,630 million RMB and the number of civil vehicles varies from about 1.26 million to 

about 26 million. The wide ranges of socioeconomic factors indicate regional disparity in the 

economy. What also should be highlighted is that the average annual coal consumption among 

individual regions is about six times larger than that of crude oil consumption and nine times 

larger than that of natural gas consumption, indicating a larger proportion of coal consumption in 

the total amount of energy consumption. This basic data description provides an intuitive view of 

regional disparity in socioeconomic development and the coal-relying energy consumption 

problem in China.  

Table 3. Descriptive Statistics for Dependent, Key Independent, And Control Variables 
Variable  Unit Name  Mean Min Mas  SD.  

Logged SO2 emission  lnso2 4.56 3.52 5.34 0.45 
Logged NO Emission  lnno 4.55 3.63 5.31 0.43 
Logged Dust Emission  lndust 4.13 3.11 5.30 0.52 

SO2 Emission  10,000ton so2 105.72 33.79 208.69 44.56 
NOx Emission 10,000ton no 103.38 37.90 208.91 50.94 

Dust Emission` 10,000ton dust 71.70 22.53 199.46 39.94 
 

																																																								
8	The	NBS	dataset	contains	missing	values.	The	data	on	provincial	annual	NOx	emission	and	Dust	
emission	in	2010	are	missing	for	all	13	regions	(1*13*2),	creating	26	missing	values	for	the	
dependent	variable.	The	number	of	energy	consumption	value	in	2015	for	all	three	energy	
sources	(1*13*3)	are	also	missing.	In	addition,	the	crude	oil	consumption	in	Shanxi	for	all	six	
years	is	not	available,	adding	another	five	missing	values	to	the	energy	consumption	variables.	
My	dataset	includes	1404	data	points	from	13	regions	during	6	years	with	18	variables.	All	the	
70	missing	values	(26+39+5)	account	for	five	percent	of	the	data	points.		
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Table 3. (cont.) 
Variable  Unit Name  Mean Min Mas  SD.  

Key Explanatory Variables       
VOCs Control p_voc 1.12 0 4 1.32 
Desulfurization & Denitration  p_sono 1.19 0 4 1.45 
Coal-fired boiler Control p_coalfire 1.23 0 4 1.51 
Industrial Dust Emission Control  p_dust 1.12 0 4 1.40 
Heavy-polluting Vehicle Control p_caruse 1.19 0 4 1.45 
Heavy-polluting Enterprise Elimination p_company 1.69 0 4 1.82 
Coal Utilization Control  p_decoaluse 0.54 0 4 1.19 
Clean Energy Utilization p_cleanenergy 1.61 0 4 1.74 
       
Social-economic Characteristics 
Logged GRP ln_grp 10.15 8.6 11.84 0.81 
Logged Population ln_pop 8.70 7.69 9.68 0.59 
Logged Civic-use Vehicle Control ln_car 6.23 4.84 7.88 0.78 
Logged Second Industry Contribution ln_industry 9.21 6.72 11..00 1.06 

Gross Regional Production 100 million 
RMB grp 35025.41 5437.47 138126.3 29683.93 

Population 10,000 population 7038.08 2185 15930 4012.45 
Civic-use Vehicles 10,000 car 688.49 126.56 2643.72 576.61 

Second Industry Contribution 100 million 
RMB 

industry 15817.4 827.91 59747.12 14139.92 

       
Energy Consumption Characteristics 
Logged Crude Oil Consumption ln_oil 9.84 8.86 10.78 0.54 

Logged Coal Consumption ln_coal 7.76 5.72 9.09 0.92 
Logged Natural Gas Consumption ln_gas 4.20 2.42 5.63 0.81 

Crude Oil Consumption 10,000 ton crudeoil 3351.54 306.49 8860.19 2542.23 
Coal Consumption 10,000 ton coal 21947.34 7026.24 48282 12315.29 

Natural Gas Consumption 
100 million 

m3 
naturalgas 91.56 11.25 278.29 72.75 

N = 78       
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RESULTS 

My regression results are summarized in two parts from Table 4 to Table 9. In the first 

part, Table 4 to Table 6 provide the overview of how policy variables, socioeconomic factors, 

and energy consumption factors correlate with different types of air pollutant emissions. Models 

1 to 4 provide the correlations between polices and each pollutant emissions, adopting a log-

linear ordinary least square regression. Models 5 to 8 control for characteristics that may also be 

correlated with air pollutant emissions, for instance socioeconomic factors and energy 

consumption factors.  

In the second part, Table 7 to Table 9 summarize how the associations between polices 

and emissions vary across regions by adding interactions between polices and regional dummies. 

Table 7 presents the policies that have larger associations with emissions in the heavily polluted 

area. Table 8 shows policies that have distinctively different correlations with emissions in the 

moderately polluted area compared with the other two areas.  Table 9 shows policies that are 

associated with emissions in the traditionally polluted area. In each table, Models 9 to 11 test 

how the correlations between policies and SO2, NOx and Dust emissions respectively vary in the 

heavily polluted regions.  Models 12 to 14 present how the prior relations change in moderately 

polluted area, and Models 15 to 17 tell the story for traditional polluted area with fossil fuels as 

main source of pollutants. 

  



	 28	

Table 4 presents the correlation between key policy variables, control variables, and the 

SO2 emission. Industrial Emission Control Policies and Energy Structure Adjustment Policies 

remain significant when controlling for all the socioeconomic and energy consumption variables. 

Heavy-polluting Vehicle Control Policy is one of the two policies that are negatively correlated 

with SO2 emissions at a marginal significance level. Specifically, regions that have one unit 

higher in the policy implementation is likely to witness a 16% decrease in SO2 Emission. Though 

smaller in magnitude, the negative correlation between Coal Utilization Consumption Policies 

and air pollutant emission is more significant. More precisely, a one unit higher in implementing 

Coal Utilization Control Policy is correlated with a 7% decrease in SO2 emissions.  

In addition, correlations between socioeconomic and energy consumption characteristics 

and SO2 emission are expected to be strong. As presented in the table, the estimated coefficients 

of second industrial contribution and energy consumption are especially significant. To be more 

precise, 1% increase in the contribution to GRP from the second industry9 is associated with a 

2 % increase in SO2 emission. At the same significance level but with a smaller magnitude, one 

percent increase in coal consumption is correlated with a 0.63% decrease in emission.  

  

																																																								
9	The	original	calculates	for	the	industrial	structure	factor	is	percentage	points	of	contribution	
to	GRP	from	secondary	industry.	Therefore,	although	small	in	magnitude	in	the	table,	the	
correlation	is	larger.		
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Table 4. OLS Regressions on SO2 Emissions 
Dependent variable Natural log of SO2 emission 
 (1) (2) (3) (4) (5) (6) (7) (8) 
 OLS_1 OLS_2 OLS_3 OLS_4 OLS_1 OLS_2 OLS_3 OLS_4 
          with 

controls 
with 

controls 
with 

controls 
with 

controls 
Key Explanatory variables 
VOCs Control -0.07 0.21** 0.13* 0.12** -0.05 -0.00 0.00 -0.01 
 (0.06) (0.06) (0.05) (0.06) (0.03) (0.02) (0.03) (0.05) 

Desulfurization & 
Denitration 

0.31*** 0.35*** 0.26*** 0.35*** 0.03 0.04 0.05 0.08 
(0.09) (0.08) (0.06) (0.06) (0.04) (0.05) (0.03) (0.05) 

Coal-fired boiler Control -0.13** -0.13*** -0.05 0.03 0.00 0.01 0.00 0.02 
 (0.05) (0.04) (0.03) (0.02) (0.03) (0.02) (0.02) (0.03) 
Industrial Dust Emission 
Control 

-0.18** -0.17* -0.06 -0.03 0.03 0.03 0.03 0.05 
(0.06) (0.07) (0.05) (0.05) (0.02) (0.02) (0.03) (0.04) 

Heavy-polluting Vehicle 
Control 

 -0.25*** -0.08 -0.02  -0.05* -0.06* -0.16* 
 (0.05) (0.04) (0.07)  (0.02) (0.03) (0.04) 

Heavy-polluting Enterprise 
Elimination 

  -0.15*** 1.17***   0.01 0.13** 

   (0.02) (0.28)   (0.02) (0.19) 

Coal Utilization Control     -0.35***    0.05* 
    (0.08)    (0.07) 

Clean Energy Utilization    -1.46***    -0.07** 

    (0.31)    (0.21) 
Socioeconomic Factors 
ln_grp     -0.89*** -0.90*** -0.92*** -0.93*** 
     (0.13) (0.14) (0.15) (0.15) 
ln_pop     0.88*** 0.93*** 0.95*** 0.97*** 
     (0.13) (0.13) (0.14) (0.14) 
ln_car     0.19 0.18 0.18 0.14 
     (0.16) (0.15) (0.16) (0.15) 

industry     0.02* 0.02** 0.02* 0.02* 
     (0.01) (0.01) (0.01) (0.01) 
Energy Consumption Factors 
ln_oil     0.09* 0.10* 0.10* 0.10* 
     (0.4) (0.04) (0.04) (0.04) 

ln_coal     0.69*** 0.65*** 0.66*** 0.69*** 
     (0.12) (0.09) (0.09) (0.10) 

ln_gas     0.11** 0.11*** 0.11** 0.12** 
     (0.03) (0.03) (0.03) (0.03) 

Constant 4.55*** 4.55*** 4.60*** 4.60*** -4.10*** -4.12*** -4.31*** -4.50*** 
 (0.07) (0.07) (0.08) (0.08) (0.78) (0.75) (0.85) (0.83) 

         
Observations  78 78 78 78 60 60 60 60 
R-squares  (0.14) (0.21) (0.30) (0.35) (0.93) (0.93) (0.93) (0.93) 
Robust standard error in parentheses 
p-values in parentheses under F-statistics 
*** p<0.01 ** p< 0.05 * p<.0.1 
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Emission Control Policies, Industrial Structural Adjustment Policy and Energy Structure 

Adjustment Policies are all correlated with NOx emission to some extent. Particularly, Industrial 

Dust Emission Control Policy is estimated to be more significantly correlated with NOx 

emission. Specifically, one score higher in policy implementation is moderately associated with a 

6% decrease in NOx emission. Heavy-polluting Enterprise Control Policy is correlated with NOx 

emission at a larger magnitude of 0.16, corresponding to previous findings that industrial 

structure policy could be helpful(C. Zhang et al., 2008). However, it is interesting to find out that 

both the two Energy Structure Adjustment Policies (Coal Utilization Control policy and Clean 

Energy Utilization policy) are positively correlated with NOx emission.  

All control variables are estimated to be significantly correlated with NOx emission, 

among which the vehicle possession is least significant. To be specific, one percent increase in 

vehicle possession is correlated with a 0.21 percent increase in the emission. It is also estimated 

by Model 8 that energy consumption is highly related with the NOx emission. In general, regions 

with one percent increase in energy consumption are having an average of 0.20 percent increase 

in NOx emission. Moreover, one percentage point increase in the proportion of GRP from second 

industry is correlated with a 0.02 percent increase in emission.  
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Table 5. OLS Regressions on NOx Emissions 

 

Dependent Variables Natural log of NOx emissions 
 (1) (2) (3) (4) (5) (6) (7) (8) 
 OLS_1 OLS_2 OLS_3 OLS_4 OLS_1 

with 
controls 

OLS_2 
with 

controls 

OLS_3 
with 

controls 

OLS_4 
with 

controls 
Key explanatory variables        
VOCs Control 0.09* 0.24*** 0.18*** 0.15*** -0.01 0.02 0.02 0.02 
 (0.04) (0.06) (0.04) (0.04) (0.02) (0.02) (0.02) (0.02) 

Desulfurization & Denitration  0.31*** 0.33*** 0.25*** 0.29*** 0.04* 0.05** 0.06** 0.05* 
 (0.07) (0.06) (0.05) (0.04) (0.02) (0.02) (0.02) (0.02) 
Coal-fired Boiler Control -0.13** -0.14*** -0.06* 0.01 -0.01 -0.00 -0.01 -0.02 
 (0.04) (0.03) (0.03) (0.02) (0.01) (0.01) (0.01) (0.02) 

Industrial Dust Emission Control  -0.26*** -0.25*** -0.17*** -0.10** 0.05** -0.05** -0.05** -0.06** 
 (0.05) (0.05) (0.04) (0.03) (0.02) (0.02) (0.02) (0.02) 

Heavy-polluting Vehicle Control  -0.18*** -0.03 -0.02  -0.03* -0.04 -0.04* 
  (0.05) (0.04) (0.04)  (0.01) (0.02) (0.02) 

Heavy-polluting Enterprise Elimination  -0.15*** 0.92***   0.01* -0.16* 
   (0.03) (0.15)   (0.01) (0.07) 

Coal Utilization Control     -0.21***    0.05 
    (0.05)    (0.03) 

Clean Energy Utilization    -1.17***    0.19* 
    (0.17)    (0.09) 
Socioeconomic Factors         
ln_grp     -0.76*** -0.77*** -0.70*** -0.79*** 
     (0.07) (0.07) (0.17) (0.06) 

ln_pop     0.82*** 0.86*** 0.88*** 0.90*** 
     (0.09) (0.09) (0.08) (0.09) 

ln_car     0.25** 0.24* 0.24* 0.21* 
     (0.09) (0.09) (0.09) (0.09) 

ln_industry     0.01** 0.01*** 0.02*** 0.02*** 
     (0.00) (0.00) (0.00) (0.00) 
Energy Consumption Factors         
ln_oil     0.23*** 0.24*** 0.24*** 0.25*** 
     (0.02) (0.02) (0.02) (0.03) 

ln_coal     0.31*** 0.24*** 0.29*** 0.31*** 
     (0.05) (0.02) (0.05) (0.06) 

ln_gas     0.11*** 0.12*** 0.12*** 0.12*** 
     (0.02) (0.02) (0.02) (0.02) 

Constant 4.54*** 4.54*** 4.60*** 4.61*** -2.35* -2.42* -2.62 -2.80* 
 (0.08) (0.08) (0.09) (0.09) (0.46) (0.45) (0.45) (0.45) 

Observations  65 65 65 65 48 48 48 48 
R-squares  (0.31) (0.36) (0.47) (0.53) (0.98) (0.98) (0.98) (0.98) 
Robust standard error in parentheses 
p-values in parentheses under f-statistics 
*** p<0.01 ** p< 0.05 * p<.0.1 
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Table 6 presents the relationships between polices and Dust emission. Before having the 

control, variables included in the model, some of the policy variables have a moderate 

correlation with Dust emission. But none of the key explanatory variables has a significant 

correlation with Dust emission when controlling for socioeconomic and energy consumption 

variables. It is possible that due to a relatively small number of observations, the standard error 

of the coefficient is so large that it is less likely for the coefficient to be significant. There is also 

the possibility of inappropriate policy design in targeting dust emission. As for the control 

variables, coal consumption has a small but moderately significant correlation with Dust 

emission. A one percent increase in coal consumption is associated with an increase in Dust in 

0.9 percent. When taking a look at the socioeconomic and energy factors, comparing with the 

other two air pollutant emissions, it is surprising to observe an insignificant correlation of GRP 

and Dust emission as well as that of population and emission. Again, this may cause by a lack of 

observation problem 

In sum, for each air pollutant, energy consumption is one of the most important factors 

that might contribute to increases in emissions for all three types. And industrial structure 

adjustment polices and energy polices have significant associations with emission reduction.  
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Table 6. OLS Regressions on Dust Emissions 
Dependent Variables Natural log of Dust emissions 
 (1) (2) (3) (4) (5) (6) (7) (8) 

 OLS_1 OLS_2 OLS_3 OLS_4 OLS_1 OLS_2 OLS_3 OLS_4 
      with 

controls 
with 

controls 
with 

controls 
with 

controls 
Key Explanatory Variables 
VOCs Control 0.07 0.40*** 0.33*** 0.33*** -0.04 0.05 0.02 0.00 

 (0.09) (0.07) (0.05) (0.05) (0.07) (0.07) (0.07) (0.08) 
Desulfurization & Denitration  0.20* 0.26** 0.18* 0.23** -0.01 0.01 -0.05 -0.09 

 (0.10) (0.08) (0.07) (0.07) (0.08) (0.07) (0.08) (0.10) 

Coal-fired Boiler Control 0.02 0.01 0.09* 0.13** 0.01 0.02 0.06 -0.02 
 (0.06) (0.04) (0.04) (0.04) (0.05) (0.05) (0.05) (0.05) 

Industrial Dust Emission Control  -0.15* -0.11 -0.01 0.00 0.04 0.04 0.10 0.08 
 (0.07) (0.06) (0.05) (0.06) (0.06) (0.06) (0.07) (0.08) 

Heavy-polluting Vehicle Control  -0.40*** -0.24*** -0.20**  -0.10 -0.02 -0.03 
  (0.06) (0.06) (0.07)  (0.06) (0.07) (0.07) 

Heavy-polluting Enterprise Elimination  -0.15*** 0.55   -0.08 -0.89 
   (0.04) (0.36)   (0.05) (0.44) 

Coal Utilization Control     -0.20*    0.22 
    (0.10)    (0.15) 

Clean Energy Utilization    -0.78    0.90 
    (0.39)    (0.48) 

Socioeconomic Factors 
ln_grp     0.15 0.12 0.24 0.24 

     (0.33) (0.35) (0.35) (0.33) 

ln_pop     -0.96* -0.81 -0.92* -0.83 
     (0.37) (0.42) (0.41) (0.41) 

ln_car     0.44 0.38 0.34 0.21 
     (0.39) (0.40) (0.37) (0.37) 

industry     -0.03 -0.02 -0.04 -0.04* 
     (0.02) (0.02) (0.02) (0.02) 

Energy Consumption Factors 
ln_oil     -0.15 -0.12 -0.14 -0.13 

     (0.10) (0.11) (0.11) (0.14) 

ln_coal     0.93*** 0.84*** 0.79** 0.86** 
     (0.20) (0.22) (0.24) (0.26) 

ln_gas     0.03 0.05 0.06 0.09 
     (0.09) (0.09) (0.09) (0.09) 

Constant 3.91*** 3.92*** 3.97*** 3.98*** 1.35 1.14 2.56 1.71 
 (0.09) (0.09) (0.10) (0.10) (1.95) (1.98) (2.28) (2.29) 
         

Observations  65 65 65 65 48 48 48 48 
R-squares  (0.20) (0.39) (0.46) (0.46) (0.74) (0.75) (0.76) (0.76) 
Robusted standard error in parentheses 
p-values in parentheses under f-statistics 
*** p<0.01 ** p< 0.05 * p<.0.1 
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Table 7 provides results for the Heavily pollute area. Interactions between area dummy 

and p_sono, p_coal and p_clean were omitted because of the multicollinearity problem. It’s 

probably because the values after interaction might be collinear with other variables. In this area, 

SO2 and Dust emissions are significantly different than in other areas. Presented in the table, SO2 

emission enjoys a 78-percentage point decrease and Dust an almost 100 percentage point 

decrease compared with other areas. It is estimated that in this area, energy consumption is 

strongly correlated with all three emissions. To be more specific, a one percent increase in coal 

consumption is associated with a 0.71 percent increase in Dust emission at a high significance 

level, followed by a 0.59 percent increase in SO2 emission at the same significance level, and a 

smaller and less significant 0.33 percent increase in NOx emission. Vehicle possession’s 

correlation with Dust emission is twice larger in magnitude and higher in significance level than 

that with SO2 emission. And industrial structure is also estimated to be marginally correlated 

with SO2 and NOx emission.   

Findings for policy variables to some extent correspond to what has been observed for the 

control variables. Heavy-polluting Vehicle Control Policy has a significant relation with Dust 

emission in this area. A one unite increase in implementation tends to be correlated with a 

decrease of 20 percent in emissions. This is reasonably significant since, as observed, increasing 

vehicles has a strong relation to the increasing in Dust emission. In addition, Dust Control Policy 

has a moderate relation with NOx emission. To be more precise, a one unit increase in Dust 

Control Policy implementation is associated with an extra decrease in NOx emission of 15 

percent. However, this policy is estimated to be positively associated with Dust emission in this 

region, meaning regions implementing this policy likely to see little progress, or even an increase 

in emission. For SO2 emission in this region, no negative and significant correlation is estimated.  
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Table 7. Regression Results for Heavily Polluted Area 
 (9) (10) (11) 
Dependent Variables lnSO2 lnNOx lnDust 
Key Explanatory Variables    
VOCs Control -0.18 -0.01 -0.20 
 (0.31) (0.26) (0.50) 
Desulfurization & Denitration -0.10 0.09 -0.13 
 (0.14) (0.11) (0.19) 
Coal-fired Boiler Control 0.08 -0.05 -0.10 
 (0.04) (0.05) (0.07) 

Industrial Dust Emission Control 0.23* 0.01 -0.13 
 (0.11) (0.09) (0.15) 
Heavy-polluting Vehicle Control -0.07 0.02 0.18 
 (0.08) (0.06) (0.15) 
Heavy-polluting Enterprise Elimination -0.03 -0.06 0.14 
 (0.12) (0.09) (0.16) 
Coal Utilization Control -0.18 -0.02 0.46* 
 (0.11) (0.11) (0.19) 

Clean Energy Utilization (omitted) (omitted) (omitted) 
Dummy and Interactions    
heavy -0.78*** -0.25 -1.00*** 
 (0.14) (0.20) (0.18) 
h_voc 0.14 -0.02 0.26 
 (0.30) (0.23) (0.46) 
h_coalfired -0.08 -0.06 0.33* 
 (0.08) (0.06) (0.13) 
h_dust -0.13 -0.15* 0.30** 
 (0.07) (0.06) (0.10) 
h_car 0.20* 0.20* -0.47* 
 (0.09) (0.09) (0.21) 
h_industry 0.09 -0.09 -0.48 
 (0.22) (0.18) (0.32) 
Socioeconomic Factors    
ln_grp -1.79*** -0.78*** -1.09* 

 (0.27) (0.21) (0.43) 
ln_pop 1.51*** 0.96*** -0.29 
 (0.21) (0.17) (0.30) 
ln_car 0.81* 0.21 1.77* 
 (0.36) (0.35) (0.66) 

ln_industry 0.16* 0.07* 0.02 
 (0.06) (0.03) (0.09) 
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Table 7. (cont.) 
 (9) (10) (11) 
Dependent Variables lnSO2 lnNOx lnDust 
Energy Consumption Factors    

ln_oil 0.22** 0.14 0.09 
 (0.06) (0.07) (0.10) 

ln_coal 0.59*** 0.33* 0.71*** 
 (0.14) (0.13) (0.17) 
ln_gas 0.10 0.27** -0.13 
 (0.07) (0.08) (0.14) 
Constant -4.45** -3.05* -0.27 
 (1.31) (1.42) (2.32) 
Observations  60.00 48.00 48.00 
R-squares  (0.94) (0.97) (0.91) 
F-Statistics and P-value       
p_car & 5.57 8.37 2.40 
h_car (0.0075) (0.0015) (0.109) 
    
p_dust& 3.39 3.42 4.06 
h_dust  (0.04) (0.0475) (0.028) 
    
p_coaluse&   5.79 
h_coaluse   (0.023) 
Note: Interactions between Heavy dummy and Desulfurization & Denitration, Coal Utilization Control and Clean 
Energy Utilization polices are omitted by STATA due to multicollinearity problem. 
Robust standard error in parentheses 
p-values in parentheses under F-statistics 
*** p<0.01 ** p< 0.05 * p<.0.1 

 

Table 8 reveals what policy(s) is(are) significantly associated with the air pollutant 

emissions in moderately polluted area. Interactions between area dummy and p_voc, p_car and 

p_clean were dropped automatically because of multicollinearity. Regions within this area have 

an average 27 percentage point higher emission for both SO2 and NOx and a stronger increase of 

70 percentage point in Dust emissions compared other regions. Among control variables, energy 

consumption factors are significantly correlated with all three emissions. More specifically, coal 

consumption again becomes highly significantly correlated with SO2 and Dust emission in this 

area — a one percent increase in coal consumption is associated with about 0.8 percent increase 

for both emissions, while having a weaker correlation with NOx emission in a 0.3 percent 
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increase. However, gas consumption more precisely correlate with NOx emission than with SO2 

emission (the coefficient in Model 13 approaches a moderate significance level while in Model 

12 it is marginally significant).  

Shifting to the key policy variables, it is not surprising to see that Industrial Emission 

Control Policies, Industrial Structure Adjustment Policy and Energy Structure Adjustment 

Policies are all correlated with air pollutant emissions. For instance, more effort in 

desulfurization is associated with an about 90 percentage point10 decrease in SO2 emissions at a 

high significance level and 50 percentage point in reducing NOx emission less significantly. Dust 

Emission Control Policy in this region are significantly correlated with an extra 20 percentage 

point in reducing Dust emission. Moreover, implementing Coal-fired Boiler Control Policy in 

this area is associated with a 60-percentage point reduction in Dust emissions compared with 

other places.  

 

 

  

																																																								
10Being	in	this	area,	where	moderate	=	1,	the	coefficient	of	p_sono	when	So2	being	the	
dependent	variable	is:	
	&'()*) + "'()*) ∗ -./01230 = & + " = 2.50 − 3.48 =		-0.98	
And	the	calculation	is	the	same	for	NOx	and	Dust	emission.	
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Table 8. Regression Results for Moderately Polluted Area  
 (12) (13) (14) 
Dependent Variables lnSO2 lnNOx lnDust 
Key Explanatory Variables    
VOCs Control -0.05 -0.05 0.04 

 (0.05) (0.05) (0.07) 
Desulfurization & Denitration  2.50*** 1.27** -2.65 

 (0.65) (0.44) (1.34) 
Coal-fired Boiler Control -0.02 -0.11** 0.19 

 (0.05) (0.03) (0.11) 
Industrial Dust Emission Control  -1.85*** -1.01** 2.08 

 (0.51) (0.35) (1.05) 
Heavy-polluting Vehicle Control 2.07*** 1.10** -2.21 

 (0.49) (0.37) (1.10) 
Heavy-polluting Enterprise Elimination 12.84*** 5.95* -12.83 

 (3.07) (2.22) (6.39) 
Coal Utilization Control  -4.85*** -2.37** 5.02 

 (1.16) (0.85) (2.49) 
Clean Energy Utilization -14.18*** -6.56* 14.08 
 (3.38) (2.46) (7.05) 
Dummy and Interactions    
moderate 0.28* 0.26* 0.69*** 

 (0.13) (0.12) (0.14) 
m_sono -3.48*** -1.76** 3.76 

 (0.87) (0.62) (1.85) 
m_coalfired 0.46** 0.34* -0.86* 

 (0.17) (0.14) (0.39) 
m_dust 1.88*** 1.04** -2.29* 

 (0.46) (0.31) (0.99) 
m_industry 0.48** 0.10 -0.10 

 (0.17) (0.14) (0.32) 
m_coal  5.35*** 2.54* -5.05 

 (1.36) (1.03) (2.88) 
 
Socioeconomic Factors    
ln_grp     -1.60*** -1.05*** -1.51** 
 (0.34) (0.31) (0.47) 
ln_pop 1.28*** 1.15*** 0.01 
 (0.25) (0.22) (0.33) 
ln_car 0.33 0.27 1.53* 
 (0.42) (0.41) (0.65) 
ln_industry 0.09 0.00 -0.15 
 (0.09) (0.04) (0.08) 
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Table 8. (cont.) 
 (12) (13) (14) 
Dependent Variables lnSO2 lnNOx lnDust 
Energy Consumption Factors    
ln_oil 0.15 0.19* 0.17 

 (0.09) (0.08) (0.08) 
ln_coal 0.81*** 0.33* 0.83*** 

 (0.17) (0.13) (0.21) 

ln_gas 0.22** 0.30*** 0.03 
 (0.08) (0.08) (0.14) 

Constant -3.21* -2.55 1.35 
 (1.55) (1.28) (2.48) 

Observations  60 48 48 
R-squares  (0.93) (0.98) (0.92) 
F-Statistics and P-value    
p_sono & 8.69 4.09  
m_sono (<0.001) (0.023)  

    
p_coalfire & 13.10 5.24  
m_coalfire (<0.001) (0.012)  

    
p_dust & 9.17 5.81 3.75 
m_dust (<0.000) (<0.001) (0.037) 

    
p_company & 9.32 9.48 4.15 
m_industry (<0.001) (<0.001) (0.027) 

    
p_coal & 10.41 5.67 3.51 
m_coal (<0.001) (<0.01) (0.045) 

Note: Interactions between moderate dummy and Desulfurization & Denitration, Heavy-polluting Vehicle 
Control and Clean Energy Utilization are dropped out by SATA, 
Robust standard error in parentheses 
p-values in parentheses under f-statistics 
*** p<0.01 ** p< 0.05 * p<.0.1 

 
 

Table 9 presents results in the traditionally polluted area. Interactions between area 

dummy and p_voc, p_sono, p_dust, p_coal and p_clean were dropped automatically by STATA 

because of multicollinearity. No significant difference is observed considering the amount of air 

pollution in this region. However, energy consumption is observed as the most significant 

variable that has as strong correlation with all three emissions, especially for SO2 (reaching an 

increase to 0.83 percent) and for Dust (0.97 percent at a high significant level). It is also unclear 
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whether policies are strongly correlated with air pollutant emissions since many variables are 

omitted by STATA. 

Table 9. Regression Results for Traditionally Polluted Area 
 (15) (16) (17) 
Dependent Variables lnSO2 llnNOx lnDust 
Key Explanatory Variables    
VOCs Control -0.08 -0.07 0.05 

 (0.06) (0.06) (0.08) 

Desulfurization & Denitration  -0.07 -0.03 0.36 
 (0.14) (0.10) (0.23) 

Coal-fired Boiler Control -0.01 -0.07 -0.27 
 (0.16) (0.13) (0.29) 

Industrial Dust Emission Control  0.11 0.02 -0.28 
 (0.13) (0.10) (0.22) 

Heavy-polluting Vehicle Control 0.03 0.09 -0.47* 
 (0.13) (0.10) (0.23) 

Heavy-polluting Enterprise Elimination -0.33 -0.45** -0.85* 
 (0.63) (0.49) (1.29) 

Coal Utilization Control  0.09 0.10 0.38 
 (0.21) (0.18) (0.41) 

Clean Energy Utilization 0.36 0.47 1.28 
 (0.77) (0.61) (1.55) 

Dummy and Interactions    
Traditional 0.02 -0.63 -0.84 

 (0.32) (0.21) (0.35) 
t_coalfired 0.28 0.16 0.22 

 (0.21) (0.15) (0.36) 
t_car  -0.04 -0.05 0.78 

 (0.28) (0.22) (0.46) 
t_industry -0.20 -0.06 -0.61 

 (0.26) (0.20) (0.44) 
Socioeconomic Factors    
ln_grp -1.23*** -1.25*** -1.28* 
 (0.31) (0.30) (0.48) 
ln_pop 1.09*** 1.38*** -0.18 
 (0.25) (0.17) (0.41) 
ln_car 0.01 -0.02 0.98 
 (0.32) (0.37) (0.56) 
ln_industry 0.16 -0.08 -0.20* 
 (0.09) (0.06) (0.10) 
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Table 9. (cont.) 
 (15) (16) (17) 
Dependent Variables lnSO2 lnNOx lnDust 
Energy Consumption Factors    
ln_oil 0.05 0.24*** 0.04 

 (0.10) (0.06) (0.12) 

ln_coal 0.83*** 0.39** 0.97** 
 (0.17) (0.11) (0.28) 

ln_gas 0.22* 0.42*** 0.15 
 (0.10) (0.07) (0.14) 

Constant -3.47* -1.19 4.06 
 (1.46) (1.56) (2.88) 

Observations  60 48 48 
R-squares  0.91 0.97 0.88 
Note: Interactions between traditional dummy and VOCs Control, Desulfurization & Denitration, Coal 
Utilization Control, and Clean Energy Utilization are omitted by STATA. 
Robust standard error in parentheses 
p-values in parentheses under f-statistics 
*** p<0.01 ** p< 0.05 * p<.0.1 
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DISCUSSION AND CONCLUSION 

Air pollution problem has become one the of most concerning environmental issues in 

China. Realizing the cost of finance, health, and possible international impacts, the Chinese 

government is putting more emphasis on reducing emissions and improving the air quality.  

Studying the experience of previous short-term cases like the 2008 Beijing Olympic Games 

where joint-regional air pollution prevention policies achieved success, the Chinese government 

has implemented a set of policies and action plans focusing on regional air pollution control. 

Previous studies focus mainly on Jing-Jin-Ji area, the Yangzi river delta, or the Pearl River Delta, 

or analyzing a certain event that produced a short-term success which providing blue sky in a 

one-month period. However, it seems worthwhile to reinvest in and rethink about this joint-

regional air pollution prevention policy, keeping in mind the disparity in socioeconomic 

development, energy structure, and other related factors among regions in China. My research 

focuses on the qualities of policies adopted in the 12th Five Year Plan on Air Pollution Control in 

Key Regions, China’s first national regulation on joint-regional air pollution prevention, will 

have different associations with air pollutant emissions across regions. I study whether emission 

reduction is associated with one or all policies aiming at controlling industrial emission, 

transportation emission, and adjusting industrial structure and energy consumption structure, and 

whether this association has a regional divergence.  

My research first suggests that policies with high correlation with emission reduction 

vary with the pollutant type. For SO2 specifically, it is highly possible to have decreased 

emissions with the implementation on Heavy-polluting Vehicle Control policy. But the case with 

NOx emissions is more complicated and might requires a comprehensive policy. From the 

research results. Industrial Emission Control Policy, Transportation Emission Control Policy, 
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Industrial Structure Adjustment Policy, and Energy Structure Adjustment policies are all related 

to NOx emission reduction, while the level of the correlations changes. More accurately, energy-

related policies that remove NOx from coals and other fossil fuels and that encourage utilization 

of cleaner energy like wind power, solar power, or nuclear power are contributing more to 

reducing NOx emission, compared with other types of policies. This finding is essential and 

practical when thinking of the status quo of energy consumption structure in China. With a 64% 

of energy structure dependent on coal consumption, it is urgent and critical to adjust the energy 

structure and use cleaner energy.  

The correlations between policies and dust emission are relatively weak. This might due 

to lack of awareness of the threat dust can pose to air quality, or that the government did not raise 

up the idea of dust emission control until the 2012 FYP had been implemented. Therefore, the 

level of implementations in policies reducing dust emission might not be as high as that of SO2 

or NOx emission reduction policies. Also, which is applicable for all three air pollutants, the 

observation period from 2010 to 2015 is relatively short, compared with the long history of air 

pollution. Sometimes it might take years for policy to be effective. So, the study period can be 

expanded if more accurate results are desired.  

In general, Energy and Industrial Structure Adjustment Policies tend to have stronger and 

more significant correlations with SO2 and NOx emission reduction than reducing fossil fuel 

consumption. Policies directly controlling the polluting sources will have a direct but relatively 

small impact on emission reduction in the long run. It is essential to target the primary problem 

that causes air pollutant emissions. Behind the large coal consumption every year is an industrial 

structure where the second industry plays a most important role.  
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The other finding in this research is that in regions with a higher level of economic 

development, like the city clusters in east China, a higher priority need to be assigned to vehicle 

or urban emission control polices, while in regions with a large consumption of coal and other 

fossil fuels, policies relating to energy structure transformation and industrial structure upgrading 

are necessary.  

The findings for the heavily-polluted regions correspond to my prediction that 

transportation emission control policy will play a dominant role in more urbanized regions. SO2 

and Dust emissions in the heavily polluted area tend to be larger than in other regions. According 

to my findings, the wide-spread possession of motor vehicles and coal consumption in this 

religion are two factors that are strongly correlated with the emissions. As a consequence, 

policies that are generally critical in controlling Dust emissions and Vehicle Possession become 

more significant in the heavily polluted area. It is worth noticing that regions in the heavily 

polluted area all lie on the east coast of china, with more developed economies and higher levels 

of urbanization. In regions with the similar characteristics, policies focusing on regulating motor 

vehicles or mitigating negative consequences of urbanization, for instance watering construction 

sites which helps with reducing dust emission, may contribute more on air pollutant emissions.   

In moderately polluted area, SO2, NOx and Dust emissions all seem to be more severe 

than in other regions. Energy consumption in this area has a large contribution to these 

emissions. Therefore, it is not surprising to observe a stronger relation between emissions and 

both the Industrial Emission Control Policies and the Coal Utilization Control Policy. This also 

corresponds to my hypothesis that in regions where energy consumption contributes more to air 

pollutant emissions, energy structure policies will be more welcome.  
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Though less significant than the results in the other two regions, my findings for the 

traditionally polluted area suggest that Industrial Structure Policies has a weak but still 

significant correlation with the regional air pollutant emission reduction.  

My study suffers from several potential problems. There are possible errors in the data 

collection and measurement process. On one side, it is possible that the original data may have 

been falsified (Kostka, 2016). And when obtaining data from the database, when missing values 

for a given year are regular, it causes a lack of data points and automatic variable omissions by 

STATA in my regression model. Additionally, though the coding process for policy variables 

strictly followed a consistent standard, this standard is likely to be subjective.  

The policy implications of my research correspond to my hypothesis. In regions with 

higher levels of economic development and urbanization, policies targeted at reducing vehicle 

usage and reducing urban air pollutant emissions need more priority; for instance, encouraging 

car-pooling or usage of public transportation, or requiring construction companies to take 

emission preventing actions during the infrastructure construction. And in regions that rely 

heavily on coal consumption, Industrial and Energy Structure Adjustment Policies have a bigger 

potential contribution to emission reduction and should make up a higher proportion in the 

regional air pollution control polices. In addition, by comparing results for all three areas, one 

factor is worth highlighting: coal consumption. No matter how it operates in air pollutant 

emissions across area, coal consumption is constantly a factor that is strongly correlated with 

emission production. Therefore, in their battle with emission control, policy makers should put 

more weight on energy structure adjustment across the country. Generally, it is essential to take 

regional pollution characteristics, for instance the main pollutants and the main causes of 
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pollution, into consideration. Polices made based on a better knowledge of regional 

characteristics will be more effective.  
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APPENDIX 
This appendix contains details for coding policy variables. Three principles are 

consistently held throughout the scoring and coding process: 

1) Regions with more than one province will take the average score of provinces 

included. 

2) For years that policies had not been implemented or regions where a certain policy 

was not implemented, the corresponding score will be “0”.  

3) Concerning there’s a lagged effect of policy implementation, the policies will be 

coded one-year behind. For instance, value for policy in 2012 will be coded as “0” 

while in 2013 as the real score.  

For policies that have concrete numerical goals, scores are assigned based on the Key 

Projects of the 12th FYP on Air Pollution Control Policy in Key Regions undertaking the 

following three steps: 

1) Calculate the amount of policy-specific key projects assigned to each region;  

2) Sort the calculation results in ascending order and divide them into four quartiles; 

3) On a scale of one to four, lager number indicates higher level of implementation, or 

more projects implemented in in a given region. Each region is assigned with a 

number based on the quartile in Step two. Those in the first quartile will be assigned 

with “1”, the second with “2”, the third with “3” and the last with “4”.  

For policies that have no concrete numerical goals, scores are assigned based on the order 

of a given policy mentioned in the provincial Goals of Air Pollution Prevention and Control with 

the following two steps:  

1) List the order of policies mentioned in the Goals of Air Pollution Prevention and 

Control for a given region; 
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2) On a scale of one to four, scores for each policy are assigned according to its 

corresponding order in Step One. Larger number indicates a higher priority on the 

list.  

For instance, all provinces mentioned a reduction and limitation on heavy-polluting enterprises 

in their Goals. However, all three provinces in Yangzi-River Delta Area put this policy at the 

fifth while provinces in Jing-Jin-Ji area have it as the ninth or tenth goal. Then a score of 5 will 

be assigned to Yangzi River Delta and 3 to Jing-Jin-Ji area because priority on the enterprise 

control policy is higher in Yangzi River Delta. Table 10 provides the number/list of projects and 

corresponding scores for each policy. 

  



	49	

Table 10. Scores and Implementation of Policies  
 
 

p_voc 
 

p_sono 
 

p_coalfire 
 

p_dust p_caruse p_comp
any 

p_deco
aluse 

p_cleanener
gy 

No. of 
Projects Score No. of 

Projects Score No. of 
Projects Score No. of 

Projects Score No. of 
Projects Score Score Score Score 

Jing-Jin-Ji 
area 157 3 282 4 all 4 1591 2 957425 3 2 2 1 

Yangzi 
River Delta 590 4 298 4 102 1 102800 4 1087023 4 4 4 3 

Pearl River 
Delta 110 3 33 1 396 2 0 0 1327224 4 4 4 3 

Liaoning 12 1 124 3 1937 4 15430 3 62614 1 2 2 1 

Shandong 232 4 295 4 414 2 32732 3 1882437 4 2 2 1 

Hubei 18 1 90 2 735 3 1137 1 256330 2 4 0 3 

Hunan 24 2 19 1 18 1 6387 2 120549 2 4 0 3 

Chengyu 62 2 150 3 63 1 66821 4 576460 3 4 0 3 

Fujian 51 2 35 1 9 1 19988 3 171300 2 4 0 3 

Shanxi 21 2 32 1 1378 4 1070 1 69519 1 2 0 1 

Shaanxi 19 2 96 2 475 3 9134 3 900000 3 4 0 3 

Ganning 2 1 136 3 1194 4 7840 2 68062 1 4 0 3 

Xinjiang 13 1 69 2 112 2 1231 1 23337 1 4 0 3 
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